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Summary and perspective survey on digital twin technology

Liu Datong Guo Kai Wang Benkuan Peng Yu

( Department of Automatic Test and Control Harbin Institute of Technology Harbin 150080 China)

Abstract: As the diagnostics prognostics and system health management of complex industrial system develop continuously in recent
years promoted by new industrial information system and industrial intelligence the digital twin technology becomes a new research
hotspot in the fields of intelligent manufacturing and intelligent operation and maintenance of complex systems. Thus this paper
summarizes the basic concept application prospect technical connotation development trend existing preliminary research plan and
interim research result of digital twin technology in complex industrial system and complex equipment fields. The technical framework
key technologies development trend technical challenges and etc. of the digital twin technology facing to the fields of intelligent
operation and maintenance of complex industrial systems and complex equipment are summarized; especially the mutual support and
mutual promotion relationship between digital twin and its supported industrial big data cloud computing artificial intelligence virtual
reality and etc. is analyzed. This paper is expected to provide a reference to the researchers working in the field of diagnostics
prognostics and system health management of complex system who are interested in digital twin technology.
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Case study of digital twin technology in satellite application
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Fig.2 The framework of digital twin technology



11

34

33

3.1

36

NASA OCT

35

12



39

3.2

3 11

Fig.3 Technology integration within a digital twin "

3.3



11

( micro-electro-mechanical system MEMS)
IoT

( cyber physical system CPS)

3.4

40

3.5 VR
VR N N

3.6

(

3.7

VR

CPU + GPU.CPU + FPGA)

41

VR



39

GE

J. 2010 24(1):19.
PENY Y LIUDT PENG X Y. A review: Prognostics
and health management ] . Journal of Electronic

Measurement and Instrument 2010 24(1): 19.

J. 2016 37(9) :19294945.
PENGX Y PANGJY PENG Y et al. Review on
anomaly detection of spacecraft telemetry data ]
Chinese Journal of Scientific Instrument 2016 37(9) :
1929-4945.

I 2015 36(1):
146.
LIUD T ZHOU J B GUO L M et al. Survey on
lithium—on battery health assessment and cycle life

estimation J . Chinese Journal of Scientific Instrument

2015 36(1): 146.

I 2013

39(6) :711922.
ZHOUDH WEIMH SI X SH. A survey on anomaly
detection life prediction and maintenance decision for
industrial processes J . Acta Automatica Sinica 2013
39(6): 7114922.
LEE J] ARDAKANIHD YANGS et al. Industrial big
data analytics and cyber—physical systems for future
maintenance & service innovation J . Procedia CIRP
2015(38) : 34.

I 2015 29(4):
469-482.



11

14

15

16

17

18

PENG Y PANG J Y LIUDT

Connotation technical framework and its development J .

et al. Big data:

Journal of Electronic Measurement and Instrumentation
2015 29(4): 469-482.

. J . 2017
3(6): 344.
WANG J M. Survey on industrial big data J . Big Data
Research 2017 3(6): 3-4.

TIAN Z X WEIZ HAO L N et al. Preliminary study
of PHM system based on data driven C Applied
Mechanics and Materials 2017( 868) : 299-304.
GRIEVES M W. Product lifecycle management: The new
paradigm for enterprises J
Product Development 2005 2(1-2): 71-84.
GRIEVES M. Virtually perfect: Driving innovative and
lean products through product lifecycle management M .
Florida: Space Coast Press 2011.

PIASCIK R VICKERS J LOWRY D et al. Technology
area 12 Materials

mechanical systems and

DC: NASA

structures
manufacturing road map M . Washington
Office of Chief Technologist 2010.
GLAESSGEN E STARGEL D. The digital twin paradigm
for future NASA and US Air Force vehicles C . 53rd
ATAA/ASME/ASCE/AHS/ASC  Structures  Structural
Dynamics and Materials Conference AIAA/ASME/AHS
Adaptive Structures 2012: 1818.

TUEGEL EJ INGRAFFEA A R EASON T G et al.
Reengineering aircraft structural life prediction using a
digital twin J International Journal of Aerospace
Engineering 2011(2011) : 1687-5966.
GOCKEL B TUDOR A BRANDYBERRY M
Challenges with structural life forecasting using realistic

. 53rd AIAA/ASME/ASCE/AHS/

Structural Dynamics

et al.

mission profiles C
ASC  Structures and Materials

Conference AIAA/ASME/AHS Adaptive Structures
2012: 1813.

TUEGEL E. The airframe digital twin: Some challenges
. 53rd ATAA/ASME/ASCE/AHS/ASC

Structural Dynamics and Materials Conference

to realization C
Structures
ATAA/ASME/AHS Adaptive Structures 2012: 1812.
LI C MAHADEVAN S LING Y
Bayesian network for aircraft wing health monitoring
digital twin J . AIAA Journal 2017 55(3): 930-941.
BEATE B VERA H. Digital twin as enabler for an

innovative digital shopfloor management system in the ESB

et al. Dynamic

logistics learning factory at Reutlingen-University J .
Procedia Manufacturing 2017 9: 198-205.
SEONGJIN Y JUN H P WON T K. Data—centric

International Journal of

19

20

21

22

23

24

25

26

27

middleware based digital twin platform for dependable
Ninth

cyber—physical  systems C International

Conference on  Ubiquitous and Future Networks
( ICUFN) 2017: 922-926.
MAJAHT RAJIB D LJUBISA S

testing of a modular sic based power block C

et al. Design and

International Exhibition and Conference for Power

Electronics Intelligent Motion Renewable Energy and
Energy Management 2016: 1-4.
TAOF CHENGJF QI QL etal Digital twin-driven

product design manufacturing and service with big

data J . The International Journal of Advanced
Manufacturing Technology 2018 94 ( 942): 3563-
3576.

YANG YH QU X L LUO Y P et al. Three-

dimensional temperature field numerical simulation of
twin-arc high-speed submerged arc welding process based
on ANSYS ]

2016(216) : 188-193.

Advanced Materials Research

2017 23(4):753768.
ZHUANG CB LIUJH
architecture and trends of product digital twin ]

2017

XIONG H et al. Connotation

Computer Integrated Manufacturing Systems

23(4) : 753968.

J. 2017
23(8): 16034611.
TAO F CHENG Y CHENG ] F
technologies for cyber-physical fusion in digital twin shop—

floor J .

et al. Theories and

Computer Integrated Manufacturing Systems

2017 23(8) 16034611.

J. 2018 24(1):148.
TAOF LIUW R LIUJH etal Digital twin and its
potential  application  exploration J Computer

Integrated Manufacturing Systems 2018 24( 1) : 148.
NEGRI E FUMAGALLI L. MACCHI M. A review of the
roles of digital twin in CPS-based production systems J .
Procedia Manufacturing 2017 11: 939-948.
BALACHANDAR S CHINNAIYAN R. Reliable digital
connected footballer ~ C

twin for International

Conference on Computer Networks and Communication

Technologies 2019: 185-191.

J . 2017
46(1): 72-82.



10 39
HUCH H SHI Q SI X SH et al. Data driven life 37 JIANG Y PJESIVAC-GRBOVIC J] CANTRELL C et
prediction and health management: State of the art ] . al. A multiscale model for avascular tumor growth J .
Information and control 2017 46(1) : 72-82. Biophysical Journal 2005 89(6): 3884-3894.

28 : 38  ZORDAN VB VAN DER HORST N C. Mapping optical

I 2014 35(3) : 481-495. motion capture data to skeletal motion using a physical
PENG Y LIU D T. Data-driven prognostics and health model  C Proceedings of the ACM SIGGRAPH/
management. A review of recent advances J . Chinese Furographics symposium on Computer Animation 2003:
Journal of Scientific Instrument 2014 35 ( 3):

245-250.
481-495.
39 XIAO L. BOYD S LALL S. A scheme for robust

29  GABOR T BELZNER L KIERMEIER M et al. A o .
simulation-based architecture for smart cyber-physical distributed - sensor fusion based on - average - consens—
systems  C IEEE  International Conference on us C . Fourth International Symposium on Information
Autonomic Computing ( ICAC) 2016: 374-379. Processing in Sensor Networks 2005: 63-70.

30 VACHAIEK J BARTAISK YL ROVNY O et al. 40  COOPERJ NOON M JONES C et al. Big data in life
The digital twin of an industrial production line within the cycle assessment J Journal of Industrial Ecology
industry 4.0 concept C . 21st International Conference 2013 17(6) : 796999.
on Process Control ( PC) 2017: 258-262. 41  REBENITSCH L. OWEN C. Review on cybersickness in

31 TUEGEL E. The airframe digital twin: some challenges applications and visual displays J . Virtual Reality
to realization C . 53rd AIAA/ASME/ASCE/AHS/ASC 2016 20(2): 101425.

Structures  Structural Dynamics and Materials Conference 42 BONNEILL D N TATARINOV K L. PICARD M W.

20th AIAA/ASME/AHS Adaptive Structures 2013: - . i
System for monitoring and managing computer resources

1812. - o .
and applications across a distributed computing

32 UHLEMANN T HJ LEHMANN C STEINHILPER R. . . el

environment usin, an Intelligent autonomous agent
The digital twin: Realizing the cyber-physical production & i g
for ind 40 1 Procedia Ci 2017 architecture: U.S. Patent 5 655 081 P . 1997-08-05.
system for industry 4. rocedia Cirp
61(12) @ 335340.

33 SCHLUSE M ROSSMANN J. From simulation to ( ) 2003
experimentable digital twins: Simulation-based 2005 2010
development and operation of complex technical N
systems C . IEEE International Symposium on Systems A
Engineering ( ISSE) 2016: 1-6. N N

34  ZAKRAJSEK A J MALL S. The Development and use of A N
a digital twin model for tire touchdown health monitori— °
ng C . 58th  AIAA/ASCE/AHS/ASC  Structures E-mail: liudatong@ hit. edu. cn
Structural Dynamics and Materials Conference 2017: Liu Datong ( Corresponding author) received his B. Sc.
0863 M. Sc. and Ph.D. degrees all from Harbin Institute of

35  WEFISSIGC C SCHREER O FEISERT P et al. The Technology in 2003 2005 and 2010 respectively. He is
ultimate immersive experience: Panoramic 3D video currently an associate professor and Ph. D. supervisor in Harbin
acquisition C . International Conference on Multimedia Institute of Technology. His main research interests include
Modeling 2012: 671-681 automatic test and simulation system condition monitoring

36 XIAK OPRON K WEI G W. Multiscale multiphysics industrial big data  data-driven prognostics and health

and multidomain models—Flexibility and rigidity J . The

Journal of Chemical Physics 2013 139( 19) : 11B614_1.

management lithium-ion battery management.



